1. Introduction {#sec1}
===============

Angiogenesis is defined as the function of formation of new blood vessels from pre-existing vessels. In physiological conditions, angiogenesis occurs in wound healing, embryonic development, and the menstrual cycle, which is tightly regulated by several stimulatory and inhibitory mechanisms \[[@bib1], [@bib2], [@bib3], [@bib4]\]. During angiogenesis, endothelial cells of blood vessels are stimulated by angiogenic factors such as vascular endothelial growth factors (VEGFs), and fibroblast growth factors (FGFs) to secrete proteases and plasminogen activators. Consequently the activity of proteases and plasminogen activators, results in the releasing of the endothelial cells by degradation of the blood vessel basement membrane, gives the cells ability to migrate, proliferate, differentiate to form a new, lumen-containing vessel in the surrounding matrix \[[@bib5], [@bib6]\]. TGF-β1 contributed in angiogenesis through VEGF-mediated apoptosis \[[@bib7], [@bib8]\]. In pathological conditions, excessive angiogenesis occurs in tumor progression, and rheumatoid arthritis, where blood vessels develop in an uncontrolled or disorganized manner. In many types of cancers it is generally believed that angiogenesis is highly required for growth of the tumors \[[@bib9], [@bib10]\]. Excessive angiogenesis seen in most of solid tumors can also be exploited by transformed cells as an entrance to the host blood stream and a path for metastasis \[[@bib11]\]. Several other studies have given enough evidences for deep relations between tumors and angiogenesis to mark the angiogenesis as a target for anti-cancer drug development \[[@bib12]\]. There are numbers of different cytokines and growth factors modulate angiogenesis. Among different angiogenesis factors, fibroblast growth factors (FGFs), vascular endothelial growth factor (VEGF) and transforming growth factor-beta 1 (TGF-β1) are considered as important factors which play key roles \[[@bib6], [@bib8], [@bib13]\]. It appears endothelial cells of vessels in tumors produce more than one type of angiogenesis factor such VEGF, FGF in high amounts \[[@bib7]\]. High levels of TGF-β1 expression are reported in many types of human carcinomas \[[@bib14]\]. Currently, wide range of anti-angiogenic agents have been developed many of them with the inhibitory effects on VEGF, bFGF, and TGF-β1 factors \[[@bib7], [@bib8]\]. Several methods have been used for the study of angiogenesis and investigations on the effects of different compounds on the process of angiogenesis. Most frequently used of the methods, human amnion, air sacs, mouse cornea, and Chick Chorioallantoic Membrane (CAM) can be mentioned. Ease of use, low costs, high repeatability, has made the CAM method of choice for many angiogenesis studies \[[@bib15], [@bib16], [@bib17], [@bib18]\].

Great attention has been focused on discovery of anti-angiogenic natural and synthetic compounds to be finally used as or at least as a part of treatment of tumors. Marine ecosystems enjoying high diversity of living creatures contain wide range of different materials with different chemical structures. The marine ecosystems provides diversity in natural chemicals with the potential of being exploited as medicines in treatments of diseases specially cancers \[[@bib19], [@bib20]\]. Several studies have investigated Ophiuroids as a source of anti-tumor and anti-metastatic organisms. Considerable number of studies are indicative of the noticeable anti-tumor properties of the Ophiuroids \[[@bib21], [@bib22], [@bib23]\]. The Persian Gulf as a rich marine ecosystem is a territory of different species of Ophiuroids containing components characteristics of this part of the world. Brittle star (*Ophiocoma erinaceous*), inhabitant of the Persian Gulf isles noticeably Qeshm \[[@bib24], [@bib25]\]. Recent studies have shown the anti-angiogenic and anti-tumor properties of extracts prepare from brittle star. In this study, we investigated the inhibitory effects of an ethanolic crude extract of brittle star (*Ophiocoma erinaceus*) on angiogenesis and the expression level of TGF-β, VEGF, and bFGF in chicken chorioallantoic membrane (CAM) as an experimental model.

2. Material and methods {#sec2}
=======================

2.1. Preparation of ethanolic extract of brittle star {#sec2.1}
-----------------------------------------------------

The brittle star *O. erinaceus* were collected from Qeshm Island, Northern Persian Gulf, Iran and supplied kindly by Baharara\'s group. Extraction was done based on the method of Baharara *et al.* \[[@bib26]\], with certain modifications by the different solvents. Specimens of brittle stars washed with water and dried in a dark room and then were ground. For extraction, the powder (10 g) of specimens was dissolved in 100 ml of ethanol 100% and was shaken for 72 h. The solvent was filtered through Whatman filter paper with a pore size of 0.4 μm. The solvent was removed using rotary evaporator. The resulting extract was placed in incubator (FanAzma Gostar, Iran) until all the ethanol evaporates then the extract stored at 4 °C in a refrigerator for future use. The extract was dissolved in DMSO, dimethyl sulfoxide, (Merck, Germany) to prepare the stock solutions for use.

2.2. Preparation of the filter disks {#sec2.2}
------------------------------------

Small filter paper discs with 6 mm in diameter were generated using a standard puncher and sterilized by autoclave. Different concentrations of extract were applied on CAM, by placing a filter paper disk and charging the test solution on it.

2.3. Chick chorioallantoic membrane (CAM) assay {#sec2.3}
-----------------------------------------------

Fertilized SPF eggs of *Gallus gallus* were obtained (from Razi Vaccine and Serum Research Institute, Iran), cleaned with 70% v/v ethanol, and placed in a 37.8 °C incubator (FanAzma Gostar, Iran) at in a relative humidity (60--70%) for the duration of their development.

At 6^th^ day of incubation, the eggs were candled using a hand-held egg Candler at the blunt end of the egg to identify the air sac and prominent blood vessels. Using a sterile needle, the CAM were separated from the shell by making a shallow burr hole at the blunt end of the egg and another burr hole made perpendicular to the previously identified blood vessels in the center of the egg. A mild suction was applied to the blunt end burr hole to displace the air sac and drop the CAM away from the shell. Fine forceps were then used to pick away the shell over the false air sac \[[@bib18], [@bib27]\], so a square window of one cm^2^ was opened in the egg shell in aseptic conditions and under laminar flow (Bioflux, Japan) and then, sealed with parafilm to prevent dehydration and the eggs were returned for incubation. On the 8th day of incubation (Day 8), the eggs were removed from the incubator \[[@bib28]\]. The different treatments used for each of the groups are shown in [Table 1](#tbl1){ref-type="table"}. The test specimens were divided into the negative control, positive control (treat with 20 μl of 100 μg/ml of Sutent® (Pfizer, USA)), Sham-exposed group (treated with 20 μl of DMSO) and 3 treatment group (treatment with 20 μl of 25, 50 and 100 μg/ml of brittle star extract) and then the places of the windows were again covered and the eggs were returned to the incubator.Table 1Experimental groups and treatments.Table 1GroupTreatmentNegative controlNo treatedSham-exposed group20 μl of DMSOGroup 120 μl of 25 μg/ml of brittle star extractGroup 220 μl 50 μg/ml of brittle star extractGroup 320 μl of 100 μg/ml of brittle star extractPositive control20 μl of 100 μg/ml of Sutent®

In 12^th^ day of incubation, all cases were photographed by research photo stereomicroscope (Jenus, Japan); ×5.5 magnification images were taken. The tissues of the treated area were isolated, washed with PBS, and stored in liquid nitrogen for the next steps.

2.4. Quantification of angiogenesis {#sec2.4}
-----------------------------------

Secondary and tertiary capillaries were evaluated for anti-angiogenic response, in order to, images of the treated area were prepared, the number and length of vessels were measured four sides of the filter disc were using ImageJ® software (v1.45e, Massachusetts, USA).

2.5. Gene expression analysis using qRT-PCR {#sec2.5}
-------------------------------------------

The effect of brittle star extract on TGFβ4, VEGF, and bFGF gene expression was examined by qRT-PCR analysis using gene specific primers. TGFβ4 roles in avian species are similar to TGFβ1 in mammalian species. For this reason, the expression of TGFβ4 was investigated instead of TGFβ1 in this study \[[@bib29]\]. Total RNA from each sample was isolated using RNA extraction kit (GenAll®, Korea). The purified total RNA was quantified with a NanoDrop spectrophotometer (Thermo Scientific, Netherlands). Then, the extracted RNA was reverse transcribed into cDNA using oligo dT~18~ primer and cDNA Synthesis Kit (Vivantis, Malaysia) as described in the manufacturer\'s handbook.

Quantification of cDNA was performed by real-time PCR using SYBR® Green I (SG) detection and the Rotor-Gene® Q System (Qiagen, USA). For each sample, 200 ng of a cDNA template was added to 10 μL of Maxima SYBR Green qPCR Master Mix 2X (Thermo Scientific™, France), 0.4 μL of both forward and reverse primers and RNA-free water to a final volume of 20 μL. An initial denaturing step at 95 °C for 10 min was followed by 40 cycles with a denaturing step at 94 °C (20 s), an annealing step at 62 °C (30 s), and an elongation step at 68 °C (30 s). All reactions were performed in triplicate. For all analyses, quantification was made relative to expression of chicken beta actin as a reference gene. Primer sequences (Bioneer, Korea) are shown in [Table 2](#tbl2){ref-type="table"}.Table 2Primer sequences of target genes.Table 2Target genePrimers sequences (5′-3′); F: Forward, R: ReverseAmplicon sizeReferenceVEGF**F:** TGAGGGCCTAGAATGTGTCC\
**R:** TCTTTTGACCCTTCCCCTTT194\[[@bib30]\]TGf-β4**F:** CACCGACTACTGCTTCGGC\
**R:** GTCGGCGCTCCAGATGTAC136\[[@bib31]\]bFGF**F:** GGCACTGAAATGTGCAACAG\
**R:** TCCAGGTCCAGTTTTTGGTC151\[[@bib32]\]β-actin**F:** CTGTGTTCCCATCTATCGTG\
**R:** GATCTTCTCCATATCATCCCAG170\[[@bib33]\]

2.6. Statistical analysis {#sec2.6}
-------------------------

Data was analyzed using SPSS software, version 16 (New York, USA). The statistical significance between groups was determined using one-way ANOVA at a level of p \< 0.05. Graphs were plotted using Excel software and changes in gene expression were analyzed using the REST-2009® software.

3. Results {#sec3}
==========

3.1. The effects of brittle star ethanolic extract on number and length of CAM blood vessels {#sec3.1}
--------------------------------------------------------------------------------------------

Three different concentrations of brittle star ethanolic extract were exposed to blood vessels network on CAM using a sterile filter disc. Embryonated chicken eggs at the age of 8^th^ day were used for different treatments. Four days later CAM was assessed for changes in number and length of blood vessels. [Figure 1](#fig1){ref-type="fig"} shows six photomicrographs of egg CAMs after different treatments (A, C, D, E, and F) and normal blood vessels network (B). The number and the length of capillaries in photo of each treated CAM was measured using ImageJ® software. Figures [2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"} show the average number of capillaries and length of them calculated in the experiment. Each number represents the average value for three tested eggs. In the negative control, normal chicken embryonated eggs, the average number of capillaries on selected area was 26 ± 0.81. The average number of capillaries in CAM of sham exposure group was 24.67 ± 0.47. The differences between the average number of blood vessels in negative control group ([Figure 1](#fig1){ref-type="fig"}B) and sham exposure ([Figure 1](#fig1){ref-type="fig"}C) was not statistically significant (p \> 0.05). In experimental group treated with 100 μg/ml of ethanolic extract, the average number of vessels branches was 15.33 ± 0.47 (Figures [2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"}). The average number in the experimental groups treated with 50 μg/ml and 25 μg/ml of brittle star ethanolic extract were 17.33 ± 0.47 and 20.66 ± 0.48 respectively. The average number of blood vessels in these two experimental groups was significantly decreased compare with control group (p \< 0.001). The average number of capillaries in positive control group ([Figure 1](#fig1){ref-type="fig"}A) treated with 100 μg/ml Sutent® was 12.67 ± 0.47 which is significantly reduced in comparison with negative control group (p \< 0.001).Figure 1Photomicrographs of CAM in the control and treatment groups. The effect of the extract on angiogenesis is showed in these figures. (A) positive control (100 μg/ml sutent®), (B) negative control (C) sham exposure, (D) first treatment (25 μg/ml), (E) second treatment (50 μg/ml), (F) third treatment (100 μg/ml). As indicated, a dose dependent manner was seen in treatment groups by extracts. The picture magnification is 5.5.Figure 1Figure 2Mean of the number of blood vessels in experimented (treated) groups (n = 3, Mean ± SD, \*\*\**p* \< 0.001). The decreasing effect of the extract on the number of blood vessels was shown quantitatively. As seen, the extract affected the number of blood vessels in a dose dependent manner.Figure 2Figure 3Mean of the length of blood vessels in experimented (treated) groups (n = 3, Mean ± SD, \*\*\**p* \< 0.001). The effect of the extract on the length of blood vessels was shown quantitatively. As seen, the extract affected the length of blood vessels in a dose dependent manner.Figure 3

Figures [1](#fig1){ref-type="fig"}, [2](#fig2){ref-type="fig"}, and [3](#fig3){ref-type="fig"} show the anti-angiogenic effects of ethanolic extract of brittle star on CAM. As indicated, the examined extract, has affected the number and length of blood vessels. The differences between the mean length of blood vessels branches in negative control group (B) (34.5 ± 1.08) and sham exposure group was not statistically significant (p$> 0.05$). The differences between the mean of length of blood branches in negative control group (B) (34.5 ± 1.08) and positive control (A) (17.63 ± 0.45) and first treatment (D) (29.55 ± 0.82) and second treatment (E) (26 ± 0.7) and third treatment (F) (19.78 ± 0.61) groups was statistically significant (p$< 0.001$). The differences between the mean of number of blood vessels in negative control group (B) (26 ± 0.81) and sham exposure (C) (24.67 ± 0.47) was not statistically significant (p$> 0.05$). While the differences between the mean of number of blood vessels in negative control group (B) (26 ± 0.81) and positive control (A) (12.67 ± 0.47) and first treatment (D) (20.66 ± 0.47), second treatment (E) (17.33 ± 0.47) and third treatment (F) (15.33 ± 0.47) groups were statistically significant (p$< 0.001$).

3.2. The effects of ethanolic extract of brittle star on expression levels of mRNA VEGF, bFGF, and TGF-$\mathbf{\beta}$ genes {#sec3.2}
-----------------------------------------------------------------------------------------------------------------------------

The levels of expression of mRNA derived from VEGF, bFGF, and TGF-$\beta$ genes in tissues isolated from chorioallantoic membrane in controls and treatment groups were analyzed using real time PCR assay. The real time PCR assay showed that the levels of expression of mRNA derived from VEGF, bFGF, and TGF-$\beta$ genes in sham exposure as compared to negative control were not reduced significantly (*p*$> 0.05$). This indicates that the used solvent (DMSO) does not affect the angiogenesis. As well as the levels of expression of VEGF gene in first and second treatments (B, C) with a significance level of p \< 0.05 and third treatment and positive control (D, E) with a significance level of p$< 0.001$ were reduced as compared to negative control. Down-expression of TGF-$\beta$ gene in first and second treatments (B, C) as compared to negative control were not statistically significant (*p*$> 0.05$) and only in the third treatment and positive control groups, significant decrease (p$< 0.001$) were observed in expression of TGF-$\beta$ gene as compared to negative control. The expression of bFGF gene were reduced in first treatment (B) as compared to negative control with a significance level of $p < 0.05$ and in second and third treatment groups (C, D) and positive group (E) with a significance level of $p < 0.001$. This reduction in expression of VEGF, bFGF, and TGF-$\beta$ genes in experimental groups was in a dose dependent manner so that the highest reduction in expression was related to third treatment group (D) and the lowest reduction was related to first treatment group (B). The results of real time PCR were shown in [Figure 4](#fig4){ref-type="fig"}.Figure 4The relative expression of VEGF, bFGF, and TGF-$\beta$ genes in exprimented (treated) groups (n = 3, Mean ± SD, \*\*\*P$< 0.001$, \*\*P$< 0.05$). The figure shows the results of real time PCR assay using bar chart. As it can be seen, the extract of brittle star reduces the expression of VEGF, bFGF, and TGF-$\beta$ genes in treatment and positive control groups so that the highest reduction in mRNA was related to positive control group and the treatment groups also showed a dose dependent decrease in expression of these genes. This reduction in mRNA levels related to TGF-$\beta$ gene in the first and second treatment groups were not significant (p$> 0.05$) and was significant for third treatment and positive control groups with a level significance of p$< 0.001.$ The reduction of the mRNA levels related to bFGF gene was significant for first treated group with a level significance of p$< 0.05$ and for second and third groups with a level significance of p$< 0.001$. The reduction level related to VEGF gene was significant for first and second treated groups with a level significance of p$< 0.05$ and for third group and positive control with a level significance of p$< 0.00$1.Figure 4

4. Discussion {#sec4}
=============

Our study was indicative of an anti-angiogenesis effect of brittle star ethanolic crude extract, in a CAM model. The extract also showed a pharmacological effect of down-regulation of mRNA related with VEGF, TGF-β, and bFGF genes on chicken vascular endothelial cells. It was also showed that, the observed inhibitory effect is with a dose dependent manner in which the highest inhibitory effect belonged to the highest used dose. The down-regulation of VEGF and bFGF was stronger than the down-regulation of TGF-β. This finding, at gene expression levels, confirms the Baharar\'s study showing the anti-angiogenesis effects of a brittle star extract in a CAM model \[[@bib22]\].

There are several kinds of brittle stars living in different marine ecosystems \[[@bib34]\]. Many drug discovery studies have focused on different kinds of brittle stars, living in different parts of the world, to reach to substances with anti-bacterial, anti-fungal, anti-inflammatory, anti-diabetic, and anti-tumor activities \[[@bib21], [@bib35], [@bib36]\]. It has been shown that the Persian Gulf brittle star (*Ophiocoma erinaceus*), inhabitant of the Persian Gulf, is potentially a source of anti-angiogenic components \[[@bib26], [@bib37]\]. Different mechanisms are involved in angiogenesis that can be targeted for suppression of the process. The inhibition of formation of secondary and tertiary vessels branches is a consequence of reduced expression of angiogenic factors such as VEGF, bFGF, and TGF-β in endothelial vascular cells \[[@bib7], [@bib8], [@bib38]\], which is in agreement with the our study. Our finding is an indication of the mechanism of inhibition caused by extract on angiogenesis of chicken vascular epithelial cells.

Down-regulatory effects of methanolic extract of brittle star on VEGF, bFGF, and TGF-β has also been shown on human ovary cancer cells, an in vitro confirmation to our findings \[[@bib26], [@bib35]\]. Anti-apoptotic and cytotoxic effects of a dichloromethanic extract of brittle star was also shown by another study on a melanoma cell line \[[@bib39]\]. Our study along with these data collectively indicates the potential for the use of the Persian Gulf brittle star in treatment of disorders related to angiogenesis and also treatment of hyperplasia and cancers.

Anti-angiogenesis effect of brittle star extract is shown to be by mean of inhibition of VEGF, bFGF, and TGF-β expression on an ovary cancer cell line model \[[@bib26], [@bib35]\], a fact that was confirmed in the CAM model by present study.

As a strong anti-angiogenic drug, Sutent® was also incorporated in our experiments as positive control. Results of our study were also indicative of down-regulation of VEGF, bFGF, and TGF-β gene expression, caused by Sutent®, the generic name of Sunitinib malate. It is cleared that anti-angiogenic effects of Sutent® is due to inhibition of tyrosine kinase receptors by blocking the ATP-binding side \[[@bib40]\]. In fact, the drug inhibits signaling in different cells by targeting receptor tyrosine kinases (RTKs) \[[@bib41]\]. In our experiments Sutent® showed stronger inhibitory effect comparing with the brittle star extract at the same concentrations used for both of the substances at 100 μg/ml. In both of these treatments the highest inhibitory effect was seen on bFGF and the lowest one was seen on TGF-β genes expressions. Recent studies has shown that the mechanism of TGF-β1 and VEGF are related together conclusively \[[@bib7], [@bib8]\], the inhibitory effects on these two genes are expected to be similar, a fact that was also observed in our study. Obviously, the mechanism of action of the brittle star extract, on inhibition of angiogenesis can be followed in future studies.

The ethanolic extract used in the present study is a crude preparation which according to studies on closely related brittle stars contains a wide range of different components such as saponins, polysaccharides, trepens, sulphated sterols, sulphated carotenoids, phenil propanoids, and naphtoquinons \[[@bib21], [@bib35]\]. Anti-tumor effects on human and mouse lymphoma cells were demonstrated to be caused by saponin and saponin-like fractions prepared from some other brittle star extracts \[[@bib42]\].

Saponins of brittle star showed anti-metastatic properties on HeLa cell, a human cervical cancer cell line \[[@bib37]\]. Anti-proliferative effects of the methanolic extract of brittle star was also observed on these cells \[[@bib26]\]. The active component(s) of the Persian Gulf brittle star crude ethanolic extract remains to be investigated by fractionating and testing the anti-angiogenic and down-regulatory properties of the extract in future studies.

5. Conclusion {#sec5}
=============

We indicated the anti-angiogenesis properties of the Persian Gulf brittle star. Further studies are needed in other aspects of the brittle star extract in the treatment of angiogenesis, hyperplasia, and cancers.
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